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Introduction {#sec001}
============

Climate change and ocean warming are major concerns from both an ecological and economical perspective \[[@pone.0232065.ref001], [@pone.0232065.ref002]\]. Reported impacts of warming trends in the ocean are ubiquitous in both tropical and temperate waters. Projected negative impacts of oceanic warming are, however, most serious in tropical waters due to the loss of coral (i.e., as a result of coral bleaching) and subsequent habitat loss \[[@pone.0232065.ref003]\]. Changes are also conspicuous in temperate waters with an increased number of warm water-associated fish species or tropical vagrants \[[@pone.0232065.ref004]--[@pone.0232065.ref006]\].

The Japanese Archipelago is suitable for the study of distributional change of organisms due to ocean warming. Although larvae and early settlers are consistently supplied from Okinawa and other southern districts to temperate waters via the Kuroshio and Tsuhima currents ([Fig 1](#pone.0232065.g001){ref-type="fig"}), overwintering of tropical vagrants is limited by the lowest winter temperature \[[@pone.0232065.ref007]\]. The Sea of Japan is a hotspot of ocean warming, with the central area having experienced a warming speed of 1.70°C per century. This is much faster than the global mean (0.53°C) or the overall mean around Japan (1.09°C) over the same time period (Data from Japan Meteorological Agency, <http://www.data.jma.go.jp/gmd/kaiyou/data/shindan/a_1/japan_warm/japan_warm.html>, accessed on February 27, 2018). The warming trend is projected to either have a positive effect (e.g. extension in the distribution of the commercially important predatory fish yellowtail *Seriola quinquradiata* \[[@pone.0232065.ref008]\]), or a negative effect (e.g. the loss of seaweed vegetation \[[@pone.0232065.ref009]\]). Projected winter sea surface temperatures in the Sea of Japan in 2050 and 2100 will be approximately 2°C and 4°C higher than the present level, respectively, under the Intergovernmental Panel on Climate Change A1B scenario (medium scenario of greenhouse gas emissions) \[[@pone.0232065.ref008]\].

![Map depicting the sites (Otomi, Sezaki, and Nagahama) where the visual censuses were conducted along the coast of Wakasa Bay, Sea of Japan.\
Red symbols represent the locations of nuclear power plants, while the green symbol represents the site with a coal-fired plant and the blue symbol represents the control site.](pone.0232065.g001){#pone.0232065.g001}

A nuclear power plant (NPP) consistently requires water to cool reactors during operation. All the NPPs in Japan are located along the coastline and discharge water into the ocean that is warmer than that of the natural environment \[[@pone.0232065.ref010]\] ([Fig 1](#pone.0232065.g001){ref-type="fig"}). Although the impacts of thermal discharge have been reported to be substantial in freshwater fish communities \[[@pone.0232065.ref011]\], the impact on marine ecosystems is controversial \[[@pone.0232065.ref012]--[@pone.0232065.ref014]\]. For example, a major decrease in algae and an increase in invertebrate grazers were reported with thermal discharge in California \[[@pone.0232065.ref012]\], however, no measurable change in fish assemblage was detected in response to the operation of a NPP in Taiwan \[[@pone.0232065.ref013]\]. In addition, Hillebrand et al. \[[@pone.0232065.ref015]\] reported an increased turnover of the algal community in the thermal discharge of a NPP in the Bothnian Sea. Local warming induced by thermal effluent may provide a unique opportunity to foresee changes that may occur in near-future faunal communities in temperate waters as a result of climate change.

The primary goal of the present study was to determine the effect of thermal discharge on the surrounding temperate fish community as a proxy for understanding the impact of future temperature increases in the region. Underwater visual surveys were conducted at the site of thermal discharge from a NPP and the observed fish assemblage was compared with those in reference sites. Preliminary surveys revealed that sea water temperature in the NPP site was approximately 2°C warmer than in the reference sites, and thus the fish assemblages under the influence of the NPP may be representative of those under the 2050 projection in other parts of the region. This study aimed to assess: 1) if thermal discharge supported a distinct fish community in the local warming area, such as a higher number of tropical or warm-water origin species in winter; and 2) if such a fish community would collapse following the suspension of the NPP. Surveys were conducted in winter because overwintering individuals, rather than early settlers in summer or autumn, are likely to have more impact on the local ecosystem through actions such as grazing on algae and competing for resources with temperate species.

Methods {#sec002}
=======

Ethics statement {#sec003}
----------------

Underwater visual surveys were conducted in accordance with local and governmental laws and regulations. Research was performed according to the guidelines of the Regulation on Animal Experimentation at Kyoto University. Field research in Nagahama was approved by the harbormaster of Maizuru Bay on a quarterly basis, whereas no permissions were required for the other two sites. The field study did not involve endangered or protected species. No fish or other animals were sacrificed for the purpose of this study.

Study sites, census method and data analyses {#sec004}
--------------------------------------------

Underwater visual censuses were conducted at three sites: Otomi (35°32'N, 135°30'E), Sezaki (35°33'N, 135°21'E), and Nagahama (35°29'N, 135°22'E), along the coast of Wakasa Bay, Sea of Japan ([Fig 1](#pone.0232065.g001){ref-type="fig"}). Visual censuses began in January 2004 and were conducted four times every winter (from late January to early March) over the subsequent 14 years in Otomi and 11 years in Sezaki ([S1 Table](#pone.0232065.s001){ref-type="supplementary-material"}). The Otomi site was located 2 km from the exhaust of the thermal discharge of the Takahama NPP. Takahama NPP had four reactors, the first began operating in 1974 and the last reactor began operating in 1984, with a total discharging rate of 238 m^3^ s^-1^ thermal effluent that was 7°C higher in temperature than that of the natural environment \[[@pone.0232065.ref010]\]. The operation was suspended from February 20, 2012 to May 2017 due to the accident at the Fukushima NPP in March 2011. The census point in Sezaki was adjacent to the thermal discharge of the Maizuru coal-fired power plant (CPP), which was in operation from August 2004; therefore, the effect of the thermal discharge was expected to be evident from the winter of 2005 or thereafter. The maximum amount of discharge was 73 m^3^ s^-1^. (<https://www.city.maizuru.kyoto.jp/kurashi/cmsfiles/contents/0000000/545/5_karyoku(hp).pdf>, accessed on May 24, 2019). Nagahama served as a control site where censuses have been conducted twice every month since January 2002 \[[@pone.0232065.ref004], [@pone.0232065.ref016]\]. Winter data from this site were used for comparison.

Areas of approximately 1200 m^2^ (2 m in width × 600 m in length) were surveyed in each census. A modified line transect method termed "fin-kick transect" was employed, in which distance traveled was estimated by the number of fin kicks made \[[@pone.0232065.ref017]\]. This way the area surveyed slightly changed in each survey trial except around the starting point. The size of survey areas was decided to maximize detection of rare species within limited diving time based on previous studies conducted at the Nagahama and Otomi sites for other purposes \[[@pone.0232065.ref004], [@pone.0232065.ref018]\]. The relatively narrow width of the area allowed for consistency of detection under fluctuating visibility, and the low fish density in cold temperatures required this survey area. The species, estimated body length, and number of individuals of all the fish encountered along the transects were recorded. Fish species were identified according to Nakabo \[[@pone.0232065.ref019]\]. Surveys were conducted when the visibility was at least 1 m, but it was usually 3--8 m. Each survey took approximately 60 min. Mean (± SD) depth was 3.8 ± 1.2, 9.1 ± 3.8, and 3.4 ± 2.6 m in the Otomi, Sezaki, and Nagahama sites, respectively. Bottom water temperature was measured at the deepest point of the surveyed sites (5, 14, and 9 m in the Otomi, Sezaki, and Nagahama sites, respectively) using an alcohol stem thermometer that was occasionally calibrated by a mercury standard thermometer.

The center of distribution (COD), defined as the mean southern and northern latitudinal limit of distribution in the northern hemisphere, was calculated using Nakabo \[[@pone.0232065.ref019]\] for all recorded species. The mean of COD in each survey was then used as a criteria of spatio-temporal tropicalization.

Statistical analyses were conducted using R 3.5.2 \[[@pone.0232065.ref020]\], with the packages 'lme4' \[[@pone.0232065.ref021]\], 'arm' \[[@pone.0232065.ref022]\] and 'vegan' \[[@pone.0232065.ref023]\]. Linear mixed models were fitted to each of bottom water temperature, fish species richness, fish abundance (fourth-root transformed to improve homoscedasticity) and COD as response variables, survey sites as fixed effects, and survey years with four replicate surveys nested below as random effects. The analyses were conducted separately in two periods when NPP was in operation (from 2004 to early February 2012) or suspended (February 20, 2012 and later). Fish assemblages were also analyzed by categorizing them into tropical, subtropical, and temperate species based on FishBase \[[@pone.0232065.ref024]\]. Fish abundance and species richness in each site, pre- and post-suspension of the NPP and the above category (tropical, subtropical and temperate species) were compared using linear mixed models. Confidence intervals of 95% were calculated for each variable by simulating linear mixed model fits (10000 runs). Differences between variables were considered significant (*p* \< 0.01) if confidence intervals did not overlap \[[@pone.0232065.ref025]\]. This was applicable to comparisons between sites within a period (NPP on or off), as well as between periods within a site.

Fish assemblages were further assessed by non-metric multidimensional scaling (nMDS) \[[@pone.0232065.ref026]\]. Abundance data were summed for each species in each year and fourth-root transformed. Fish assemblages were then compared among sites and years using the Bray--Curtis similarity index. The differences between two periods (up to 2012 vs 2013--2017) were compared in each site by PERMANOVA.

Results {#sec005}
=======

The bottom water temperature dropped from 11.8°C to 10.4°C in the Otomi site from February 14 to 22, 2012, the Takahama NPP being suspended between these two surveys (February 20) ([S1 Table](#pone.0232065.s001){ref-type="supplementary-material"}). The water temperature remained consistently low throughout the remainder of the study period ([Fig 2A](#pone.0232065.g002){ref-type="fig"}). No major changes in bottom water temperature were detected in the Nagahama or Sezaki sites throughout the research period. The mean bottom water temperature in the Otomi, Sezaki and Nagahama sites before and after the suspension of the Takahama NPP were 13.6, 11.7, and 12.3°C, and 10.6, 11.0, and 11.8°C, respectively ([Fig 3A](#pone.0232065.g003){ref-type="fig"}). Temporal change of temperature was significant only in the Otomi site (*p* \< 0.01). Temperature in the Otomi site was significantly higher than the other two sites when the NPP was on, whereas it dropped to lower than the Nagahama site when NPP was off probably due to the shallower bottom depth.

![Water temperature (A), fish abundance (B), species richness (C) and mean value of the center of distribution in the northern hemisphere (D) in the three surveyed sites: Otomi (red triangles) Sezaki (green squares) and Nagahama (blue circles). Lines represent yearly means for each site (surveys = 4).](pone.0232065.g002){#pone.0232065.g002}

![Within-period means when the Takahama nuclear power plant was in operation (NPP On: up to February 14, 2012) and when its operation was suspended (NPP Off: February 20, 2012 and later) for water temperature (A), fish abundance (B), species richness (C) and mean value of the center of distribution in the northern hemisphere (D) in the three survey sites. Error bars represent 95% confidence intervals.](pone.0232065.g003){#pone.0232065.g003}

The total fish abundances found throughout the study period were 13683, 7250, and 4074, and the number of fish species were 65, 58, and 48 in the Otomi, Sezaki and Nagahama sites, respectively ([S1 Table](#pone.0232065.s001){ref-type="supplementary-material"}). Both the fish abundance and species richness decreased in the Otomi site after the suspension of the Takahama NPP, whereas such a change was not detected in the other two sites ([Fig 2B and 2C](#pone.0232065.g002){ref-type="fig"}). The COD in the Otomi site increased after the suspension of the Takahama NPP, but not in the other two sites ([Fig 2D](#pone.0232065.g002){ref-type="fig"}). Only the Otomi site showed a significant temporal change in each of the above variables represented by the lack of overlap in confidence intervals (*p* \< 0.01, [Fig 3B, 3C and 3D](#pone.0232065.g003){ref-type="fig"}). The variables in the Otomi site were significantly different from the other two sites when the NPP was in operation (*p* \< 0.01), while the difference was not detected when the NPP operation was suspended.

Regarding the changes in the tropical, subtropical, and temperate species categories, tropical fishes dramatically decreased with the suspension of NPP in Otomi ([Fig 4](#pone.0232065.g004){ref-type="fig"}, *p* \< 0.01 comparing pre- and post-suspension of NPP). The decrease was also significant in subtropical and temperate fishes in this site (*p* \< 0.01). In Sezaki and Nagahama, the composition of fish species remained stable between these two periods, except for the significant decrease in temperate fish abundance (*p* \< 0.01) in Sezaki ([Fig 4A](#pone.0232065.g004){ref-type="fig"}). Inter-site comparisons revealed that the Otomi site had significantly higher tropical fish abundance and species richness and subtropical fish species richness than the other two sites when the NPP was in operation.

![Mean temporal changes in fish species composition following the suspension of thermal discharge.\
Fishes were categorized into tropical, subtropical, and temperate species according to FishBase \[[@pone.0232065.ref024]\]. A: abundance, B: species richness. Error bars represent 95% confidence intervals.](pone.0232065.g004){#pone.0232065.g004}

The plotting of nMDS revealed that fish assemblages were distinct among the four groups (i.e. the Otomi site from 2004 to 2012, the Otomi site from 2013 to 2017, Sezaki site, and Nagahama site; stress level = 0.15, [Fig 5](#pone.0232065.g005){ref-type="fig"}). Fish assemblages in the Otomi site showed a significant change between 2004 to 2012 and 2013 to 2017 (*p* = 0.001, PERMANOVA), whereas no significant change was detected in the Sezaki (*p* = 0.085) and Nagahama (*p* = 0.095) sites between these periods.

![Non-metric multi-dimensional scaling plot depicting fish assemblages in each site and year.\
Each point represents the data for a surveyed site in a given year, e.g., N13 represents the data for the Nagahama site in 2013. Different colors and letters correspond to the different surveyed sites: O (red), Otomi; S (green), Sezaki; and N (blue), Nagahama.](pone.0232065.g005){#pone.0232065.g005}

The most dominant fish species in the Otomi site prior to the suspension of the NPP were Japanese anchovy *Engraulis japonicus*, the cobalt silverside *Hypoatherina tsurugae*, and half-line cardinal *Apogon semilineatus*, representing 16.8, 15.5 and 12.9% in total abundance up to the suspension of the NPP, respectively. After the suspension, the banded goby *Pterogobius elapoides* and pearl-spot chromis *Chromis notatus notatus* were relatively abundant (52.7 and 23.0%, respectively). In Sezaki, *E*. *japonicus* was the most dominant species, followed by *C*. *notatus notatus*, Japanese sand lance *Ammodytes personatus* and the bambooleaf wrasse *Pseudolabrus sieboldi* throughout the survey (43.7, 9.9, 9.7 and 9.3%, respectively). In Nagahama, the chameleon goby *Tridentiger trigonocephalus*, followed by the *E*. *japonicus*, striped sand goby *Acentrogobius virgatulus*, and black rockfish *Sebastes cheni* dominated throughout the survey (34.2, 30.7, 8.3 and 5.8%, respectively).

Two tropical fish species, the blue damselfish *Pomacentrus coelestis* and cutribbon wrasse *Stethojulis interrupta*, were consistently recorded in the Otomi site during the operation of the Takahama NPP ([Fig 6A and 6B](#pone.0232065.g006){ref-type="fig"}; [S1 Table](#pone.0232065.s001){ref-type="supplementary-material"}). However, neither of these species were recorded after its suspension. Die off of warm water fish species, such as *H*. *tsurugae* and the flatfish *Pseudorhombus pentophthalmus*, as well as invertebrates, such as the long-spined sea urchin *Diadema* sp. and ashy sea cucumber *Holothuria pervicax*, were also observed in two surveys after the suspension ([Fig 6C and 6D](#pone.0232065.g006){ref-type="fig"}). These tropical echinoderms were common until 2012, but were not observed during the surveys in 2013 and thereafter.

![*P*. *coelestis* (A) and *S*. *interrupta* (B), both tropical fish species commonly found in the Otomi site when the Takahama nuclear power plant was in operation. Die off of a *H*. *tsurugae* (C) and *Diadema* sp. (D) after the suspension of the NPP. All the pictures were taken by the author.](pone.0232065.g006){#pone.0232065.g006}

Little to no vegetation was observed in the Otomi site ([Fig 6A and 6B](#pone.0232065.g006){ref-type="fig"}), however, vegetation such as *Sargassum* and other brown and red algae were observed in the other two sites. Herbivorous rabbitfish *Siganus fuscescens* were abundantly recorded only in the Otomi site while the NPP was in operation ([S1 Table](#pone.0232065.s001){ref-type="supplementary-material"}).

Discussion {#sec006}
==========

The present study demonstrated that thermal discharge from a NPP supported a specific fish community that included a higher number of tropical fish species. Although the difference in the mean temperature between the Nahagama and Otomi sites was only 1.3°C during the operation of the NPP, the fish community in the latter was distinctive. This may be due to tropical fishes generally having a lethal low temperature of 10--13°C, and therefore the small increase in temperature during winter conditions would support the survival of tropical vagrants \[[@pone.0232065.ref027], [@pone.0232065.ref028]\]. This study thus implies that a small increase in water temperature over the next few decades in temperate Japan will likely induce a drastic change in fish and other faunal communities from temperate to tropical species, together with a loss of algal vegetation.

In the Sezaki site, where a CPP was in operation, the sea water temperature was equivalent to the control site (Nagahama) and, therefore, did not support a community of tropical fishes. CPPs generally have a higher energy efficiency \[[@pone.0232065.ref029]\], and the temperature of the thermal discharge is lower compared to NPPs.

Geographic differences among the three sites should also be considered as a potential factor affecting fish communities in addition to the presence of a NPP. The Nagahama site is located in a highly protected bay, the Sezaki site is located outside the same bay and is exposed to waves, and the Otomi site is near the mouth of another bay ([Fig 1](#pone.0232065.g001){ref-type="fig"}). Common habitat characteristics of the relatively exposed locations of the Sezaki and Otomi sites may have contributed to the closer characteristics of fish assemblages represented in the nMDS ([Fig 5](#pone.0232065.g005){ref-type="fig"}). The relatively shallow depth of the bay where the Otomi site was located resulted in a markedly low temperature after the suspension of the Takahama NPP. The Otomi site was consistently shallow, whereas the other two sites had more variable depths in the survey area; such differences also have potentially confounding effects on comparisons. Future studies should include sites with different NPPs that may counterbalance such geographical differences.

Although most of the tropical fishes found in the Otomi site were likely to have been dispersed at the larval stage from the southern areas via the Tsushima Current, some of them may have been offspring of settled parental fish in this area. Both *P*. *coelestis* and *S*. *interrupta* were consistently found in the Otomi site. The minimum size of sexual maturation for *P*. *coelestis* and *S*. *interrupta* are reported to be 3.6 cm \[[@pone.0232065.ref030]\] and 6.1 cm \[[@pone.0232065.ref031]\], respectively. A substantial number of individuals of these species were above these sizes and thus were large enough to be considered mature. The northernmost population of *P*. *coelestis* was reported in Kominato, Chiba Prefecture (35°07'N, 140°11'E), where water temperature drops to 12°C in winter \[[@pone.0232065.ref032]\]. Thus, overwintering would only be possible with the help of thermal discharge in this area. Locally spawned larval fish of these species may have succeeded in recruiting to this local warming site. The possibility of such self-recruitment can be tested using a molecular genetic approach such as the application of microsatellite markers \[[@pone.0232065.ref033]\].

Under the influence of thermal discharge, the fish community was found to have a high species richness including tropical species, and also a distinct range of species from those found in the lower latitude areas along the Japanese Archipelago. For instance, the author of the present study also conducted a visual census in the Tsushima Islands (34°05--29'N, 129°13--21'E) in the Sea of Japan and found that the community included large benthic predatory fishes such as lionfish *Pterois lunulata* and kelp groupers *Epinephelus bruneus* \[[@pone.0232065.ref034]\]. The lack of coral reef, vegetation, or other vertical structures in the Otomi site may have hindered the settlement of large predators. The absence of large predators is expected to have accelerated the loss of the seaweed bed, as grazers tend to suspend feeding when under the threat of potential predators \[[@pone.0232065.ref035]\]. Therefore, even with a warming trend, it is of paramount importance to focus attention on the maintenance of a healthy ecosystem that will include ecological engineers, such as corals and echinoderms, and top predators.

The present study was conducted by underwater visual censuses by a single observer which ensured consistency between locations and years. Visual censuses do, however, tend to have relatively low detectability for highly mobile or cryptic species \[[@pone.0232065.ref036]\]. Higher resolution censuses can be attained through environmental DNA analysis of filtered sea water, wherein fish species for both those recorded and missed by visual census can be detected \[[@pone.0232065.ref037]\].

Approximately a third of the electricity supply in Japan was dependent on nuclear power until the major accident in Fukushima Daiich NPP in 2011 \[[@pone.0232065.ref038]\], after which all the NPPs in Japan were suspended for inspection. In 2015 and thereafter, a few of the NPPs began operating again, including the Takahama NPP in May 2017. The possibility of a catastrophic disaster and the shortage of repository sites for radioactive waste are relatively well-recognized negative aspects of NPPs \[[@pone.0232065.ref039]\]. The pelagic larval stages of fishes such as European eel *Anguilla anguilla* and herring *Clupea harengus*, as well as other zooplankton can be impinged and killed in the cooling system of NPPs \[[@pone.0232065.ref040]\]. Thermal discharge may be environmentally destructive especially if many NPPs are in operation in a limited area, such as in the Sea of Japan ([Fig 1](#pone.0232065.g001){ref-type="fig"}). This area is known for much faster ocean warming (1.70°C per century) compared to the global mean (0.53°C per century). Although this may be partly due to the effect of the warm Tsushima Current, as is reported in other hot spots in south-eastern Australia \[[@pone.0232065.ref041]\], thermal discharge from many NPPs may spur the warming trend in some part of the Sea of Japan. Decision makers should, therefore, consider the ecological impacts of NPPs and base decisions regarding the operation of NPPs on long-term perspectives.

Supporting information {#sec007}
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###### Abundance of each fish species encountered in Otomi, Sezaki, and Nagahama in each census.

Southern and northern limit of distribution (SLD and NLD, based on Nakabo \[[@pone.0232065.ref019]\]) and their mean \[= COD (center of distribution in the northern hemisphere)\] are shown for each species. Each species was categorized into Temp (= temperate), Subtrop (= subtropical), or Trop (= tropical) according to the FishBase \[[@pone.0232065.ref024]\]. The codes each represent a census site and year; e.g., O04 represents Otomi in the year 2004. Bottom water temperature (Temp.) was recorded during each census.
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Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: This manuscript describes changes in fish assemblages before and after the suspension of a nuclear power plant in the Sea of Japan. The article is generally well-written, however there are numerous issues regarding statistical analyses and interpretations. One specific issue that affects the overall concept of using the NPP as an indicator of future warming environment is that the temperature at NPP was only significantly different to reference sites in a single year prior to the suspension of NPP discharge (Fig 2a). I suspect this may relate to the lack of power from using only four temperature measurements at each site within each year, because the temps at NPP look considerably higher than the reference sites in Fig 2a. One way to avoid this would be to just present the temperature values, rather than statistically testing them, or pool temperature measurements before and after the suspension and make a single comparison for each site. I provide detailed comments below to assist a revision.

Title: replace 'vanish' with more scientifically-appropriate word

Line 33-42: Suggest moving this paragraph further down and opening the introduction with the information about climate change. The power plant is really just an opportunistic 'method' for investigating potential assemblage responses to increasing temperature sin the region.

Lines 51-54: Citations/references required to support these broad statements.

Line 75: suggest adding, "\... as a proxy for understanding the impact of future temperature increases in the region". Otherwise we are back to the purpose being about thermal discharge impacts, rather than what the authors state further up in the introduction regarding thermal plants simply acting as a model system for understanding climate change effects.

Lines 77-79: Figure 2a actually suggests there are few years where the temperature at the NPP site is significantly higher than the reference sites. In my opinion, the graph does depict a considerable difference in temperatures, and the standard errors are quite small, so I'm not sure why there are so few statistically-significant differences in temp. Perhaps values from different seasons

Line 119-120: what precisely was the decision based on -- ease of sampling, depth, similar habitat etc?

Line 124: how many surveys were conducted at each site in each year?

Notes: Different depths -- the NPP site is considerably shallower than either of the other two sites. Some discussion of this potentially confounding effect on comparisons between treatment and control sites is required.

Line 133-134: Rephrase this description, specifically "the criteria of relative abundance in the southern species". Suggest the authors consider COD as an indicator of average latitudinal distribution within the assemblage, which when compared through time, can be used to understand trends in 'tropicalisation' of an assemblage.

Line 144-145: It is not possible to nest surveys within years -- surveys represent the unit of replication, from what I can tell. The analysis does make sense if the authors nested years within periods, i.e. before and after suspension of the NPP.

Lines 142-145: More detail regarding the statistical design is required here. Were three separate ANOVAS conducted, one for each category? This seems to be the case form the wording of the results. So three separate three-factor analyses (one for each category), with factors of year (nested in period), period and site?

Line 149: what were the plotted data visually inspected for?

Lines 149-152: The PERMANOVA design should follow the same two-factor design used in the univariate comparisons. There is no (deductive) logic associated with plotting data, looking to see groupings (separations) and then constructing a statistical test to verify apparent visual differences, which is what the author appears to have done according to the description provided in this section.

Lines 155-156: Rephrase. The temperature actually appears to decrease linearly between 2009 and 2014. A substantial drop in temperature was also recorded during 2008, prior to the suspension of the NPP. Why?

Lines 163-165: I'm surprised by the low number of significant results, given the relatively small error indicated by the bars in Fig 2a. Perhaps Tukey's HSD is too conservative here?

Line 164: significantly warmer than the reference sites I assume. Insert the clarification.

Lines 164-165: suggest rephrasing to, "...whereas no differences were found among sites in other years" for clarity.

Line 178-182: also need to state here that no significant differences were found between Otomi and the other reference site.

Lines 182-184: I recommend adding the results of the significant interaction term here in brackets, to support this statement regarding before/after. Interaction between sites and years is what you would expect if trends at one sites (hopefully NPP) differed to those at the other sites.

Lines 193: Which model term (factor) is this p-value for? See previous comments regarding more detail required on statistical design, but if species categories have been included as a factor in the analysis, I would expect to first see an interaction term reported, specifically the interaction between category and period. This would indicate a possible difference in trends of tropical species between the two time periods, but not subtropical and temperate species.

Lines 26-209: Again, no logical reason for structuring the analysis around the four groups seen in MDS. The statistical design should be decided a priori, similar to the univariate tests described for abundance and species richness.

Line 217-225: Suggest quantifying 'dominance' in some way, perhaps by reporting percentage of total fish abundance for each of these species.

Lines 229-234: worth mentioning here how many days after the NPP suspension the surveys were completed.

Reviewer \#2: Reviewer Report for PONE-D-19-30294

Tropical fishes vanished after the operation of a nuclear power plant was suspended in the Sea of Japan PLOS ONE

Summary of Research:

The research examines a marine ecosystem that developed in the thermal outflow from a nuclear power station, and observed what happened when the artificial heat source was cut-off. These observations were compared with 2 other sites, one a coal fired power plant with smaller thermal output, and a control site with no artificial heat source.

Summary of impression:

My impression was of a unique study that entailed a great deal of detailed and well thought out work, with some strong findings. However, the analysis section is not optimal, and is incomplete. Presentation of findings should also be improved.

Major issues:

Statistical analyses are not optimal, to the point that some required treatment effects were not properly tested. Site\*Year statistical models might be partly appropriate for Sezaki and Nagahama, but are not optimal for Otomi. The most appropriate models for Otomi need to test the 2 level time-period effects, which should also be applied to Sezaki and Nagahama to test if these sites differ in this respect to Otomi. I have more detailed suggestions below.

Minor issues:

Some detail is missing from the methods (P.7) that would otherwise clarify the areas that surveys were sampling at each site. Was each survey strip at each site selected at random, per survey instance, or was the one strip locations used at each site over all years? If transec strips are chosen at random at each site, what spatial area is being sampled to represent each site?.

The discussion could suggest bases for observed differences between Sezaki and Otomi, which might provide more perspective to the study. Otomi started in the 1970\'s and has high thermal output, Sezaki started in 2004 with smaller thermal output, Otomi had tropical fish species establish by \~30 years, and Sezaki didn\'t by 0-7 years.

Other comments:

Figures and Tables-

⦁ Figures would be improved by placing 95% confidence intervals around all means. Currently Fig 2 uses standard errors of means, and Fig 3 uses standard deviations, the former is better for purpose than the latter, but both are inferior to confidence intervals for allowing visual evaluation of results. One wouldn\'t need to conduct Tukey tests if 95% confidence intervals were used to highlight which treatment levels differed most, in situations where ANOVA\'s showed treatment levels differed significantly.

⦁ Tables. Table S2 reports 2-factor ANOVAs (site x year), which don\'t address all the needs of the study. The tests for differences between time periods within sites were not fitted and reported. By \"time periods\" I mean when Otomi was operating, and when it wasn\'t. The author did not adopt the advice of his own advisor, to fit these terms in his ANOVA models.

⦁ The plot of fish assemblages under multidimensional scaling (Fig 4) could be discussed in more detail. What variables were the X and Y axis dimensions mostly reflecting? The X axis dimension separates Nagahama from Sezaki and Otomi, and the Y axis doesn\'t. Related to this perhaps, is why may Otomi \"off\" attach to Sezaki, and is then furtherest from \"Nagahama\"?

Methods- Are generally well detailed.

Study Design- Was the best that could be done, for the study objectives. Being an observational study, it is difficult to fully control differences between sites.

Results and data- The results generally seemed to support the study conclusions. I didn\'t fully agree with the author, regarding his findings from Fig. 3 (P 10, lines 193-197), but I may have been misled by the SD bars in this figure.

I couldn\'t find any accessible temperature data, to accompany the observations on fish communities (latter provided).

References- References should be given for statistical tests, as well as an appropriate reference for the R-software.

Statistics-

Analysis of the data largely uses ANOVA, with output from the ANOVAs used to generate errors for means of interest, and to underlie Tukey\'s HSD tests. The ANOVA\'s that are reported are 2 factor Site\*Year tests (Table S2). ANOVAs involving some form of nesting are briefly alluded to, but any findings from nested analyses were not reported (line 144, \"surveys\" under \"site\*years\" were not analysed as nested effects). Year effects can be nested under time-periods, but these analyses were not conducted for the current manuscript. In these circumstances, reference to \"nesting\" should be removed from the manuscript.

The ANOVA\'s reported in the paper, don\'t optimally meet the needs of the study at Otomi, in that the factorial models site\*year are of lesser use than testing time period effects (the years when NPP Otomi is operating and when it isn\'t). The site\*year ANOVA is useful for generating SE\'s of means for within years between site effects (Fig. 2), but even for temperature, only 1 within year between site comparisons was found to be significant. The \"time period\" within site effects are better illustrated in Fig. 3, but ANOVA\'s to test these effects were presumably not conducted. It is unclear how the SD\'s for Fig. 3 were generated.

The experimental design for analyses with time period effects is not balanced for site, as Sezaki data is missing for years 2015-2017. As the Sezaki CPP wasn\'t operating in the winter of 2004, that years Sezaki data shouldn\'t be included in any time-period analysis either. Also, Otomi was switched off on Feb 20th 2012, in the middle of transec surveys, so subsequent 2012 data at this site should be dropped from the analysis, and depending how quickly a nuclear power plant can be shut down, and when this process started (if well before Feb 20th??), perhaps the Otomi 2012 data should be dropped entirely?. Of interest, was Otomi operating at the time of the winter surveys in 2008?, from Figure 2 it doesn\'t look as if it was. Where there is unbalanced data, mixed model analyses are much preferable to straight fixed effect ANOVA\'s.

Inspection of Fig. 2 suggests models in which to fit \"time-period\" effects for separate analyses for fish abundance, species richness, and temperature. Models might begin with a single \"spline\" across years and sites as a fixed effect, followed by \"sites/time periods\" as further fixed effects, and year as a random effect. Fitting fixed and random effects in a statistical model, complicates deterministic prediction of confidence intervals of means (for presentation in figures). Confidence intervals can then be derived stochastically, using the \"sim\" function in R, once a satisfactory mixed model is fitted. Benefits of such an approach are ability to test \"time period\" effects, have more powerful tests in the process than just \"site\*year\", and to substitute 95% confidence intervals for presentation of results in figures, instead of using Tukey tests to identify which treatment levels are differing.

The models fitting time-period effects need to be analysed by an experienced statistician.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 0

13 Jan 2020

Academic Editor:

While the statistical rigor of the manuscript has been improved, both reviewers have identified issues with the paper, mainly around the statistical analyses, that need to be rectified. Reviewer 1 has noted that the PERMANOVA design should be the same as the univariate design and also has provided a number of comments to clarify the text, which is often confusing. Reviewer 2, who has not seen the manuscript before, has identified more serious issues with the statistics, including that some of the analyses are unbalanced due to missing data and that it appears the author did not follow the advice of the statistical advisor they consulted and tests for differences between time periods (i.e. when Otomi was operating and when it wasn\'t) were not done. In addition, the reviewer has noted that where the data are unbalance mixed model analyses are preferable to fixed effect ANOVAs, although these are more complicated.

Response: Thank you for identifying the flaws in statistics. PERMANOVA has been conducted in the form of pre- and post-suspension comparison for each site as suggested by Reviewer 1. Generalized Linear Mixed Model (GLMM) has been conducted in the revised manuscript with a help of a statistician.

Reviewer \#1: General Comments:

This manuscript describes changes in fish assemblages before and after the suspension of a nuclear power plant in the Sea of Japan. The article is generally well-written, however there are numerous issues regarding statistical analyses and interpretations. One specific issue that affects the overall concept of using the NPP as an indicator of future warming environment is that the temperature at NPP was only significantly different to reference sites in a single year prior to the suspension of NPP discharge (Fig 2a). I suspect this may relate to the lack of power from using only four temperature measurements at each site within each year, because the temps at NPP look considerably higher than the reference sites in Fig 2a. One way to avoid this would be to just present the temperature values, rather than statistically testing them, or pool temperature measurements before and after the suspension and make a single comparison for each site. I provide detailed comments below to assist a revision.

Response:

I thank the reviewer for this general comment. At the first sentence of the result, I presented the temperature values to show the drop of temperature with the suspension of NPP. GLMM analysis has also supported the abrupt temperature change in 2012. I found an error in applying Tukey's test in my previous analyses. Since GLMM is suitable for the analysis for the general result presented in Fig 2, ANOVA for these data were deleted.

Specific comments:

Title: replace 'vanish' with more scientifically-appropriate word

Response:

I consider this suggestion very carefully. I could replace "vanished" with "disappeared". However, I think that the abrupt disappearance of tropical species may be expressed better with the term "vanish".

Line 33-42: Suggest moving this paragraph further down and opening the introduction with the information about climate change. The power plant is really just an opportunistic 'method' for investigating potential assemblage responses to increasing temperature sin the region.

Response:

Introduction has been changed to open with the general notion of global warming as is suggested by the reviewer.

Lines 51-54: Citations/references required to support these broad statements.

Response:

Following references have been cited as suggested:

1\. Sortes CJB, Williams SL, Carlton JT. Marine range shifts and species introductions: comparative spread rates and community impact. Global Ecol Biogeogr 2010; 19: 303-316.

2\. Brander KM. Global fish production and climate change. P Natl Acad Sci 2007; 104: 19709--19714.

Line 75: suggest adding, "\... as a proxy for understanding the impact of future temperature increases in the region". Otherwise we are back to the purpose being about thermal discharge impacts, rather than what the authors state further up in the introduction regarding thermal plants simply acting as a model system for understanding climate change effects.

Response:

Revision has been made according to the suggestion. This way general introduction starting with climate change is tightly connected with the study on thermal discharge impacts.

Lines 77-79: Figure 2a actually suggests there are few years where the temperature at the NPP site is significantly higher than the reference sites. In my opinion, the graph does depict a considerable difference in temperatures, and the standard errors are quite small, so I'm not sure why there are so few statistically-significant differences in temp. Perhaps values from different seasons

Response:

I found some errors in my previous Tukey's test analyses. In the revised manuscript the focus is on the GLMM here. This way the temperature difference has become highly significant between pre- and post- suspension periods.

Line 119-120: what precisely was the decision based on -- ease of sampling, depth, similar habitat etc?

Response:

The area was decided to maximize the detection of rare species in limited diving time. This has been clarified in the revised manuscript (L. 123-125) as follows:

The size of survey areas was decided to maximize detection of rare species within limited diving time based on previous studies conducted at the Nagahama and Otomi sites for other purposes \[4, 18\].

Line 124: how many surveys were conducted at each site in each year?

Response:

I conducted four surveys at each site in each year. This has been described further up in this section (L. 104).

Notes: Different depths -- the NPP site is considerably shallower than either of the other two sites. Some discussion of this potentially confounding effect on comparisons between treatment and control sites is required.

Response:

Average depths were comparable between the Otomi and Nagahama site, but the depth of the latter was more variable. The potential confounding effect of such differences has been mentioned in the revised manuscript (L. 302-304) as follows:

The Otomi site was consistently shallow, whereas other two sites had more variable depths in the survey area; such differences also have potentially confounding effect on comparisons.

Line 133-134: Rephrase this description, specifically "the criteria of relative abundance in the southern species". Suggest the authors consider COD as an indicator of average latitudinal distribution within the assemblage, which when compared through time, can be used to understand trends in 'tropicalisation' of an assemblage.

Response:

I thank the reviewer for notifying this ambiguity and redundancy. The logic in the previous description may have been circulatory. The description has been revised as "the criteria of spatiotemporal tropicalization" (L. 138-139).

Line 144-145: It is not possible to nest surveys within years -- surveys represent the unit of replication, from what I can tell. The analysis does make sense if the authors nested years within periods, i.e. before and after suspension of the NPP.

Response:

I thank the reviewer for identifying this misuse of terms. The wording has been revised as suggested as follows (L. 152-153):

(i.e., survey years were nested in each period).

Lines 142-145: More detail regarding the statistical design is required here. Were three separate ANOVAS conducted, one for each category? This seems to be the case form the wording of the results. So three separate three-factor analyses (one for each category), with factors of year (nested in period), period and site?

Response:

I had conducted four separate two factor ANOVAs with factors of years and sites for the analysis in Fig. 2. I found that Tukey's test was improper for this analysis. In the revised manuscript I conducted analyses with generalized linear mixed model (GLMM) to confirm that all response variables changed between the two periods (up to 2011 in temperature, species richness and center of distribution and up to 2012 in fish abundance). Then comparisons have been focused on the comparison between pre- and post-suspension period in the following sections. The statistical design has been detailed in the revised manuscript.

Line 149: what were the plotted data visually inspected for?

Response:

The above description has been deleted in the revised manuscript.

Lines 149-152: The PERMANOVA design should follow the same two-factor design used in the univariate comparisons. There is no (deductive) logic associated with plotting data, looking to see groupings (separations) and then constructing a statistical test to verify apparent visual differences, which is what the author appears to have done according to the description provided in this section.

Response:

The PERMANOVA design has been revised to compare two periods in each site according to the suggestion (L. 157-158).

Lines 155-156: Rephrase. The temperature actually appears to decrease linearly between 2009 and 2014. A substantial drop in temperature was also recorded during 2008, prior to the suspension of the NPP. Why?

Response:

The description of the temperature decrease has been revised to be based on facts referring raw data (L. 163-165). Relatively low temperature in 2008 may be due to heavy snow fall in this year.

Lines 163-165: I'm surprised by the low number of significant results, given the relatively small error indicated by the bars in Fig 2a. Perhaps Tukey's HSD is too conservative here?

Response:

I found a misuse of Tukey's test here, so that the suggested part has been deleted in the revised manuscript.

Line 164: significantly warmer than the reference sites I assume. Insert the clarification.

Response:

The description has been removed in the revised manuscript.

Lines 164-165: suggest rephrasing to, "...whereas no differences were found among sites in other years" for clarity.

Response:

This phrase has also been removed.

Line 178-182: also need to state here that no significant differences were found between Otomi and the other reference site.

Response:

This phrase has also been removed.

Lines 182-184: I recommend adding the results of the significant interaction term here in brackets, to support this statement regarding before/after. Interaction between sites and years is what you would expect if trends at one sites (hopefully NPP) differed to those at the other sites.

Response:

ANOVA for this part has been deleted.

Lines 193: Which model term (factor) is this p-value for? See previous comments regarding more detail required on statistical design, but if species categories have been included as a factor in the analysis, I would expect to first see an interaction term reported, specifically the interaction between category and period. This would indicate a possible difference in trends of tropical species between the two time periods, but not subtropical and temperate species.

Response:

In this section ANOVA was applied for each category of fishes, i.e., tropical, subtropical or temperate fishes, in each site separately. Therefore, p-value was only for the comparison between pre- and post- suspension periods of NPP. This has been clarified in the method and result descriptions (L. 149-153 and 213-220).

Lines 26-209: Again, no logical reason for structuring the analysis around the four groups seen in MDS. The statistical design should be decided a priori, similar to the univariate tests described for abundance and species richness.

Response:

This section has been revised so that comparisons were conducted between two periods in each site.

Line 217-225: Suggest quantifying 'dominance' in some way, perhaps by reporting percentage of total fish abundance for each of these species.

Response:

Percentages of total abundance in these dominant species have been reported in the revised manuscript as suggested by the reviewer (L. 243-254).

Lines 229-234: worth mentioning here how many days after the NPP suspension the surveys were completed

Response:

Tropical species were not found in any winter for the following 5 years after the survey. Then the NPP restarted operation in May 2017. I am still continuing the survey and found that tropical species are gradually settling. This will be another fish to fry after the publication of the present paper.

Reviewer \#2: Reviewer Report for PONE-D-19-30294

Tropical fishes vanished after the operation of a nuclear power plant was suspended in the Sea of Japan PLOS ONE

Summary of Research:

The research examines a marine ecosystem that developed in the thermal outflow from a nuclear power station, and observed what happened when the artificial heat source was cut-off. These observations were compared with 2 other sites, one a coal fired power plant with smaller thermal output, and a control site with no artificial heat source.

Summary of impression:

My impression was of a unique study that entailed a great deal of detailed and well thought out work, with some strong findings. However, the analysis section is not optimal, and is incomplete. Presentation of findings should also be improved.

Response:

I thank the reviewer for evaluating this work. The analyses have been substantially improved in the revised manuscript according to the suggestions.

Major issues:

Statistical analyses are not optimal, to the point that some required treatment effects were not properly tested. Site\*Year statistical models might be partly appropriate for Sezaki and Nagahama, but are not optimal for Otomi. The most appropriate models for Otomi need to test the 2 level time-period effects, which should also be applied to Sezaki and Nagahama to test if these sites differ in this respect to Otomi. I have more detailed suggestions below.

Response:

I agree with the reviewer that Site\*Year model was not optimal for the goal of this study. Thus, the above analysis was abandoned and GLMM has been applied in the revised manuscript.

Minor issues:

Some detail is missing from the methods (P.7) that would otherwise clarify the areas that surveys were sampling at each site. Was each survey strip at each site selected at random, per survey instance, or was the one strip locations used at each site over all years? If transec strips are chosen at random at each site, what spatial area is being sampled to represent each site?.

The discussion could suggest bases for observed differences between Sezaki and Otomi, which might provide more perspective to the study. Otomi started in the 1970\'s and has high thermal output, Sezaki started in 2004 with smaller thermal output, Otomi had tropical fish species establish by \~30 years, and Sezaki didn\'t by 0-7 years.

Response:

Methods of the survey has been described in more detail in the revised manuscript (L 119-125). The survey strip is not totally random, yet not totally fixed. This way the detection of relatively rare species was maximized in limited diving time.

For the detailed comparison among survey sites, I think there are some limitations. No data was available concerning what occurred in Otomi during 1970's, and Sezaki differed from Otomi both in the thermal output and geographic location. Therefore, in this manuscript, I would like to refrain deeper discussions to compare the sites other than the suspension of NPP.

Other comments:

Figures and Tables-

⦁ Figures would be improved by placing 95% confidence intervals around all means. Currently Fig 2 uses standard errors of means, and Fig 3 uses standard deviations, the former is better for purpose than the latter, but both are inferior to confidence intervals for allowing visual evaluation of results. One wouldn\'t need to conduct Tukey tests if 95% confidence intervals were used to highlight which treatment levels differed most, in situations where ANOVA\'s showed treatment levels differed significantly.

Response:

Error bars in the previous Fig 3 have been replaced by standard errors as suggested. I was not sure how to draw 95% confidence limit with the graphic software I use (Kaleida Graph).

⦁ Tables. Table S2 reports 2-factor ANOVAs (site x year), which don\'t address all the needs of the study. The tests for differences between time periods within sites were not fitted and reported. By \"time periods\" I mean when Otomi was operating, and when it wasn\'t. The author did not adopt the advice of his own advisor, to fit these terms in his ANOVA models.

Response:

ANOVA corresponding to Fig 2 was not efficient. Therefore, GLMM has been applied here to confirm the difference between two periods. Time period effect on each variable as well as interaction have been reported based on the GLMM results in the new Table 1 in the revised manuscript. Then the fish assemblages in two periods were further compared with the new Fig 4. I hope this makes more sense.

⦁ The plot of fish assemblages under multidimensional scaling (Fig 4) could be discussed in more detail. What variables were the X and Y axis dimensions mostly reflecting? The X axis dimension separates Nagahama from Sezaki and Otomi, and the Y axis doesn\'t. Related to this perhaps, is why may Otomi \"off\" attach to Sezaki, and is then furtherest from \"Nagahama\"?

Response:

I thank the reviewer for notifying these interesting aspects. In my understanding it is not possible to detect what factor is contributing to each axis in nMDS. The reason Otomi was off attached to Sezaki and far from Nagahama in the nMDS may be that Nagahama is located in highly protected inner bay, while location of other two sites are relatively exposed, as is seen in Fig 1. This is included in the revised discussion as follows (L 298-300):

Common character of relatively exposed location in the Sezaki and the Otomi sites may have contributed to the closer characteristics of fish assemblages represented in the nMDS (Fig 5).

Methods- Are generally well detailed.

Study Design- Was the best that could be done, for the study objectives. Being an observational study, it is difficult to fully control differences between sites.

Results and data- The results generally seemed to support the study conclusions. I didn\'t fully agree with the author, regarding his findings from Fig. 3 (P 10, lines 193-197), but I may have been misled by the SD bars in this figure.

Response:

SD bars have been replaced by SE bars. There were some flaws in the plotting of SD in the previous version of the manuscript. They are all rectified. SE bars are now consistent with p-values in the revised new Fig 4.

I couldn\'t find any accessible temperature data, to accompany the observations on fish communities (latter provided).

Response:

Temperature data of all the survey sites and dates have been included in the 5th line of the S1 Table.

References- References should be given for statistical tests, as well as an appropriate reference for the R-software.

Response:

Five references are given for R-software itself and install packages in the revised manuscript (References 21-25).

Statistics-

Analysis of the data largely uses ANOVA, with output from the ANOVAs used to generate errors for means of interest, and to underlie Tukey\'s HSD tests. The ANOVA\'s that are reported are 2 factor Site\*Year tests (Table S2). ANOVAs involving some form of nesting are briefly alluded to, but any findings from nested analyses were not reported (line 144, \"surveys\" under \"site\*years\" were not analysed as nested effects). Year effects can be nested under time-periods, but these analyses were not conducted for the current manuscript. In these circumstances, reference to \"nesting\" should be removed from the manuscript.

The ANOVA\'s reported in the paper, don\'t optimally meet the needs of the study at Otomi, in that the factorial models site\*year are of lesser use than testing time period effects (the years when NPP Otomi is operating and when it isn\'t). The site\*year ANOVA is useful for generating SE\'s of means for within years between site effects (Fig. 2), but even for temperature, only 1 within year between site comparisons was found to be significant. The \"time period\" within site effects are better illustrated in Fig. 3, but ANOVA\'s to test these effects were presumably not conducted. It is unclear how the SD\'s for Fig. 3 were generated.

Response:

I thank these comments by the reviewer. Tukey's test in Fig 2 did not make much sense so I deleted them. I did conduct ANOVA for the analysis in the previous Fig 3, the results of which have been more detailed in the revised manuscript.

The experimental design for analyses with time period effects is not balanced for site, as Sezaki data is missing for years 2015-2017. As the Sezaki CPP wasn\'t operating in the winter of 2004, that years Sezaki data shouldn\'t be included in any time-period analysis either. Also, Otomi was switched off on Feb 20th 2012, in the middle of transec surveys, so subsequent 2012 data at this site should be dropped from the analysis, and depending how quickly a nuclear power plant can be shut down, and when this process started (if well before Feb 20th??), perhaps the Otomi 2012 data should be dropped entirely?. Of interest, was Otomi operating at the time of the winter surveys in 2008?, from Figure 2 it doesn\'t look as if it was. Where there is unbalanced data, mixed model analyses are much preferable to straight fixed effect ANOVA\'s.

Inspection of Fig. 2 suggests models in which to fit \"time-period\" effects for separate analyses for fish abundance, species richness, and temperature. Models might begin with a single \"spline\" across years and sites as a fixed effect, followed by \"sites/time periods\" as further fixed effects, and year as a random effect. Fitting fixed and random effects in a statistical model, complicates deterministic prediction of confidence intervals of means (for presentation in figures). Confidence intervals can then be derived stochastically, using the \"sim\" function in R, once a satisfactory mixed model is fitted. Benefits of such an approach are ability to test \"time period\" effects, have more powerful tests in the process than just \"site\*year\", and to substitute 95% confidence intervals for presentation of results in figures, instead of using Tukey tests to identify which treatment levels are differing.

The models fitting time-period effects need to be analysed by an experienced statistician.

Response:

I thank the reviewer for providing the idea of analysis. I consulted to a statistician, and according to his advice, GLMMs have been conducted in the revised manuscript as is represented in new Fig 3 and Table 1. This way the data in the year 2012 have been made use of.

###### 

Submitted filename: Response_to_Reviewers.doc

###### 

Click here for additional data file.
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Dear Dr. Masuda,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

I appreciate the huge amount of work the author has done to improve this manuscript. And I think it certainly has improved. As noted by Reviewer 2, I think this decision is halfway between major and minor revision required. I think the text has greatly improved and the use of GLMMs in the paper has improved the analyses. I think the problem with the paper is that is it not entirely clear what exactly has been done and the presentation of the results could be better. So I think the data and the story are there, it is just making it very clear that is important. As currently written it is quite confusing.

Reviewer 2 in particular has provided very detailed comments and suggestions to improve the analyses and the explanation of what was done. They have also provided example code to improve the presentation of the results. I know this paper has been reviewed quite a few times already, but I think it is getting very close to where it needs to be. Again, the author has at least attempted to undertake all the comments and suggestions provided so that is appreciated. I encourage the author to consider all the comments provided when making their revisions.

We would appreciate receiving your revised manuscript by Apr 03 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Heather M. Patterson, Ph.D.

Academic Editor

PLOS ONE
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: I Don\'t Know

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Line numbers referenced here refer to the track-changed version.

I've reviewed this work multiple times. Although I think the approach is gradually progressing toward a correct statistical design, the description of the GLMM methods and results are still unclear, particularly with respect the temporal component. My best guess is that the author has used a model term of "period" (although I think they call this "Year2", which is confusing), which has two levels. Then they have created many models, each of which splits the dataset at a different calendar year. So, in one model, "period" might have one level with 2004-2008 and the other with 2009 onwards, while in another model, one level might span 2004-2012 and the other level 2013 onwards. AICs are then used to compare all these temporal splits, along with a model with no split. I think this is what the author refers to as the "bisection method", and seems to correspond to Figure 3, where you can see an AIC value provided for each calendar year. Although my interpretation here is somewhat contradicted by this statement - "(Variable \~ Site + Year2 + Site:Year2 + (1\|Survey), REML = FALSE) where Year2 = 1\*(Year \> 237 2012) for fish abundance and Year2 = 1\*(Year \> 2011) for other variables" (Lines 236-237), which implies that the time variable has a set calendar cut-off depending on the response variable (fish abundance or other). But then how is there AIC value for each calendar year (Figure 3)? Hence my confusion.

If my above assessment is correct, it raises some concerns regarding the balance of the design, and the testing of other model terms. Regarding balance, those models that have only one or two years' data in one level, and many in the other, are likely to have issues with power. Has this been considered? Regarding testing of other model terms, why only use AIC for the models that differ in the "Year2" model term and not those of most interest, i.e. the interaction between site and year? As far as I can tell, the importance of these model terms is assessed using p-values alone. A preferable approach would be to use AIC throughout, and simply split the "Year2" variable into "before" and "after", based on the known year the NPP stopped operation. This would provide only two models to compare for this term, with and without "Year2". These two models can then be compared against models that vary the inclusion of other terms, e.g. with and without the term "Site:Year2", which is what you are really interested in. If my above assessment of the modelling approach is incorrect, the methodological description requires considerable improvement to clarify exactly what was done, how many models were used, the years they covered etc.

For the analyses of species categories (tropical, temperate etc), why revert to nested ANOVAs within each site? The same GLMM approach used for total abundance, where site is a factor with three levels and an interaction term between site and year is included, seems warranted for each of these sub-categories, unless a meaningful combination response variable could be derived (e.g. "tropical proportional abundance"), which would reduce the number of separate analyses required.

More detail regarding the PERMANOVA modelling is required. Was a random nested factor "year" included in the modelling? How were individual surveys within years dealt with?

Reviewer \#2: Referee Report

The author has adopted many of the suggestions from the preceeding reviews of his manuscript.

My recommendation is more midway between major and minor revision, than simply major revision.

The author has improved analysis, but not quite complete yet. Given the options, I had to give a \"no\".

General

More description has been provided of sample data collection from survey sites.

Questions on the multidimensional scaling analysis that is presented in Fig. 5, have been answered (but not for the manuscript).

Temperature data for the 3 marine sites has been provided in Table S1. This was very helpful for me to try mixed model analysis and presentation of findings (see attachment).

References have been provided for some of the statistical tests described in the methods section. However, could references for the multi-dimensional scaling analysis be provided?, and for the Bisection analysis? (if retained)

On line 193, should \"year\" be \"year2\"?. Should \"year2\" be better named throughout, to indicate time period for Otomi NPP state of operation (\"on\"/\"off\")?.

Statistical analysis

The manuscript now seeks to directly tackle analysis of differences in response variables across the time periods when the Otomi NPP was operating and when it was not. That is, 2-factor ANOVA\'s were dropped, and mixed model analyses adopted instead. However, I believe further improvement to these analyses may be needed, if I correctly interpret what was done.

A thing to note is that the design for the main treatment effect -Otomi NPP operation- is unreplicated over the study. This is necessarily the case of course, given how the data could be collected, but it has implications to the analysis, because trend in response variables over years might be confounded with Otomi NPP operating period effects. The major implication is that the Otomi \"on\"/\"off\" effect can\'t be directly tested via a single statistical model. A way of get around this limitation is to use confidence intervals to depict differences between operating periods, and to show how sites differ when - Otomi NPP - is operating, and when it isn\'t. (Example figure to illustrate this is provided for temperature data; in attachment). \[A useful reference to using 95% confidence intervals instead of p-values is Cumming G. (2012). Understanding The New Statistics. Effect Sizes, Confidence Intervals, and Meta Analysis. Routledge, Taylor & Francis Group.\]

The mixed model used to analyse the study\'s data across the (Otomi NPP) operating periods, is given line 194. This is more R-code than a direct model description, and the actual variables used are not clear, eg. what is \"Survey\". \"Survey\" is mentioned previously on line 143, but is then not clearly enough defined for a description of the statistical model. I suggest a clearer description of the model, perhaps:-

response \~ Site (fixed Effect) + Year/survey (random Effects)

Separate analyses for NPP \"on\", and \"off\". \"Survey\" is the replicate data nested below Years; both as random effects in the model.

I think it is reasonable to separately analyse the data for when Otomi NPP is \"on\", and when it is \"off\", given this treatment is unreplicated. This has the advantage of simpler statistical models and analyses, and avoids any interaction complications when extracting parameter estimates from analyses. Any \"Interaction\" effects are then simply embedded in estimated means and confidence intervals, and can be evaluated visually while comparing sites for each response variable.

Tests of difference between fixed effect levels in mixed models are produced by the lme4 software, but the F tests reported are controversial among mixed-model authorities, Chi-square tests being better regarded, and these in turn are less well regarded than direct comparison of estimated confidence intervals (example for temperature data shown below). Data+models will differ in degree of these problems, but it might be best to adopt the best accepted presentation method. The author\'s reference, Bates et al (2015) covers these issues.

The \"mixed model\" analyses used for data analysis were described in the manuscript as GLMM\'s, I believe they might actually be LMM\'s. GLMM\'s use non-normal error terms and non linear \"link\" functions between data and model, and are even more problematic to interpret than LMM\'s. LMM\'s can accomodate transformations of the response variable (ie. sqrt, log, etc), without the analyses becoming GLMM\'s. I believe the \"G\" letter should be dropped from GLMM throughout this manuscript.

Bisection analyses

Perhaps partly in response to a previously suggested uncertainty about whether the Otomi NPP was operating at its previous level when the 2012 surveys were conducted, the author has included a \"Bisection\" analysis to test when the the Otomi (only?) data can be empirically broken into 2 uniform time periods. I may be misinterpreting the details around this in the manuscript. If retained, this content may need to be better introduced and wht it shows more clearly described. A reference for this analysis may also be useful. I didn\'t see any discussion of the outcome of the \"Bisection\" analyses, so my question is, how did these analyses improve the study\'s analysis and major findings?. This material may even weaken the study, if it shows changes in response variables preceeded changes to Otomi NPP being switched off. This content comes back to the question in my previous review, was the Otomi NPP being wound down well before the 2012 Otomi survey?, such that an effect could be seen in the 2012 survey at Otomi (for temperature and fish assemblages), or were the 2011/2012 effects at Otomi also partly seen at other sites, and therefore due to a more general environmental effect?. This content then should be more clearly discussed if retained in the manuscript.

If the Bisection analyses don\'t improve clarity toward resolving this issue of Otomi possibly being wound down prior to the 2012 survey, and details on the Otomi NPP power output (prior to the 2012 survey times) can\'t be accessed, should the \"Bisection\" analyses be retained in the manuscript?. If not, the data could just be analysed \"as is\" (despite the 2012 Otomi on/off uncertainty), strong effects in the study will still be demonstrated.

Presentation

Table 1.

Contains parameter details for site and \"year2\" (\~NPP operating time intervals?). Some of this parameter information is also in Figure 4, so is presented in both \"figures and table\" (usually not acceptable), and so should be in one or the other. Table 1 does additionally contain p-value information for F and t tests of significance between fixed effect levels (ie. with site and \"year2\"), but these are poorly regarded (outlined above), and presents parameter estimates in a way that can be confusing to people not familiar with this statistical model format. The F and t tests could be dropped, and Chi-square tests for simply differences between \"sites\" could be presented instead. Parameter values for each site are then in an updated Fig. 4 (suggestion below), instead of in Table 1. Tests for differences between Otomi time periods (on/off) are not needed in models, if analyses for Otomi \"on\" and Otomi \"off\" are conducted separately (and reported separately within Table 1, with site estimates presented in Fig 4 (suggestion)). This reporting for each variable in the current Table 1, could be extended to the Tropical, Sub-tropical and Temperate species subdivisions within the Abundance and Richness variables. Tests for these subdivisions currently appear obscurely as labels in Figure 4, and introduce some clutter into the figure.

Figure 2.

This Figure contains un-necessary information in the form of standard errors for each year\*site data point. With the dropping of the 2-factor ANOVA approach to analysis, this information is no longer really needed, and would instead be provided more directly in an updated Figure 4 (see below). However, this figure can still provide useful information, in depicting how the raw data varies over sites. For the case of the temperature data, adding lines to adjacent year means, gives a more clearly digestable idea of how sites can be quite consistently ranked for mean temperature over the series of years that were studied, and showing strongly the effect of the heat source being cut at Otomi around 2012 (and perhaps the same shown for \"fish abundance\", etc\...).

So perhaps confidence intervals can be dropped from Fig. 2, and lines added linking adjacent year means for each site. This altered figure is especially useful for temperature, as this is driving the biological effects in the study.

Figure 3.

discussed above, still needed?

Figure 4.

Error bars presented in Figure 4 of the previous manuscript, were changed from standard deviations to standard errors. This is an improvement but still not optimal. I have included in an attachment, some R-code on how to calculate 95% confidence intervals for fixed effects from mixed models, by \"simulating\" mixed model fits (from lmer(model) ), and then extracting 0.025 and 0.975 percentiles. To illustrate, this was done for the temperaure data now included in Table S1, for when Otomi NPP was operating, and when it wasn\'t. The confidence intervals have been plotted in an attached Figure, generated by R (code attached). I recommend using 95% CI\'s, because significant differences can be noted directly from these plots, eliminating the need to provide information currently in Table 1. The author might need to reconsider grouping separate plots in Fig. 4 around variables (for greatest test validity), rather than sites, as is currently the case. Temperature confidence intervals could be included in Figure 4, or a separate small similarly structured Figure.

A rule of thumb applies to presentations comparing treatment means via 95% confidence intervals. Where 2 intervals just fail to overlap, the treatment levels differ at approximately p=0.01. Confidence intervals will differ at p\~0.05 if the overlap is about a third of one side of an an error bar (Cumming (2012) ).

Please note that Figure 4 should plot both upper and lower confidence intervals, to enable quick visual comparisons to be made between \"sites\"/\"treatments\". Bar plots can be used to plot estimated means, or points, as in the temperature example provided, but any bar shading should obviously be light enough not to obscure the lower bars.

The author plotted standard errors in his new Figure 4, because his prefered plotting software (Kaleida Graph) couldn\'t draw 95% CI\'s. If Kaleida Graph does not have an option to plot user supplied errors (where this can\'t be directly generated within the software), other plotting software to do this is available. R can be programmed to produce such plots (see attached document for code), though time consuming to implement.

Attachment provided to this report.
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7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No
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Author response to Decision Letter 1

30 Mar 2020

Responses to Editor and Reviewer Comments

Academic Editor:

I appreciate the huge amount of work the author has done to improve this manuscript. And I think it certainly has improved. As noted by Reviewer 2, I think this decision is halfway between major and minor revision required. I think the text has greatly improved and the use of GLMMs in the paper has improved the analyses. I think the problem with the paper is that is it not entirely clear what exactly has been done and the presentation of the results could be better. So I think the data and the story are there, it is just making it very clear that is important. As currently written it is quite confusing.

Reviewer 2 in particular has provided very detailed comments and suggestions to improve the analyses and the explanation of what was done. They have also provided example code to improve the presentation of the results. I know this paper has been reviewed quite a few times already, but I think it is getting very close to where it needs to be. Again, the author has at least attempted to undertake all the comments and suggestions provided so that is appreciated. I encourage the author to consider all the comments provided when making their revisions.

Response: Thank you for your help in improving my manuscript. I read comments by reviewers repeatedly, purchased the recommended reference by the Reviewer 2 ("Understanding the new statistics") and read through it, and made revisions on data analyses and presentations. Specifically, the bisection method model and GLMMs in the previous manuscript were removed together with Fig 3 and Table 1, and more simple liner mixed models have been adopted. New Fig 3 and improved Fig 2 and 4 with confidential intervals have been prepared. I also thank the editor for the editorial comments. All the flaws have been rectified in the revised manuscript.

Reviewer \#1: General Comments:

I've reviewed this work multiple times. Although I think the approach is gradually progressing toward a correct statistical design, the description of the GLMM methods and results are still unclear, particularly with respect the temporal component. My best guess is that the author has used a model term of "period" (although I think they call this "Year2", which is confusing), which has two levels. Then they have created many models, each of which splits the dataset at a different calendar year. So, in one model, "period" might have one level with 2004-2008 and the other with 2009 onwards, while in another model, one level might span 2004-2012 and the other level 2013 onwards. AICs are then used to compare all these temporal splits, along with a model with no split. I think this is what the author refers to as the "bisection method", and seems to correspond to Figure 3, where you can see an AIC value provided for each calendar year. Although my interpretation here is somewhat contradicted by this statement - "(Variable \~ Site + Year2 + Site:Year2 + (1\|Survey), REML = FALSE) where Year2 = 1\*(Year \> 237 2012) for fish abundance and Year2 = 1\*(Year \> 2011) for other variables" (Lines 236-237), which implies that the time variable has a set calendar cut-off depending on the response variable (fish abundance or other). But then how is there AIC value for each calendar year (Figure 3)? Hence my confusion.

If my above assessment is correct, it raises some concerns regarding the balance of the design, and the testing of other model terms. Regarding balance, those models that have only one or two years' data in one level, and many in the other, are likely to have issues with power. Has this been considered? Regarding testing of other model terms, why only use AIC for the models that differ in the "Year2" model term and not those of most interest, i.e. the interaction between site and year? As far as I can tell, the importance of these model terms is assessed using p-values alone. A preferable approach would be to use AIC throughout, and simply split the "Year2" variable into "before" and "after", based on the known year the NPP stopped operation. This would provide only two models to compare for this term, with and without "Year2". These two models can then be compared against models that vary the inclusion of other terms, e.g. with and without the term "Site:Year2", which is what you are really interested in. If my above assessment of the modelling approach is incorrect, the methodological description requires considerable improvement to clarify exactly what was done, how many models were used, the years they covered etc.

Response: The analysis using the bisection method model has been removed in the revised manuscript. This was because i) the model has a problem of balance having "only one or two years' data in one level" as was suggested by the reviewer 1, and also ii) suspension of NPP as a treatment effect is "unreplicated" as was pointed out by the reviewer 2 so that there is not much point to conduct this analysis. Therefore, in the revised manuscript linear mixed models have been adopted separately during NPP on and off periods according to the suggestion by the reviewer 2. Providing 95% confidence intervals has made it possible to compare inter-period difference within a site and inter-site difference within a period at a glance in the new Figs 3 and 4.

Reviewer \#1: Specific Comments:

For the analyses of species categories (tropical, temperate etc), why revert to nested ANOVAs within each site? The same GLMM approach used for total abundance, where site is a factor with three levels and an interaction term between site and year is included, seems warranted for each of these sub-categories, unless a meaningful combination response variable could be derived (e.g. "tropical proportional abundance"), which would reduce the number of separate analyses required.

Response: The analyses of species categories have also been revised to adopt linear mixed models to be consistent.

More detail regarding the PERMANOVA modelling is required. Was a random nested factor "year" included in the modelling? How were individual surveys within years dealt with?

Response: Abundance data were summed for each species in each year, rather than modelling nested PERMANOVA. This has been clarified in the revised manuscript (L 156-157).

Reviewer \#2: General Comments:

General

More description has been provided of sample data collection from survey sites.

Questions on the multidimensional scaling analysis that is presented in Fig. 5, have been answered (but not for the manuscript).

Temperature data for the 3 marine sites has been provided in Table S1. This was very helpful for me to try mixed model analysis and presentation of findings (see attachment).

References have been provided for some of the statistical tests described in the methods section. However, could references for the multi-dimensional scaling analysis be provided?, and for the Bisection analysis? (if retained)

On line 193, should \"year\" be \"year2\"?. Should \"year2\" be better named throughout, to indicate time period for Otomi NPP state of operation (\"on\"/\"off\")?.

Response: I thank the reviewer for valuable comments. The description of the multidimensional scaling analysis has been described more in detail in the revised manuscript (L 156-158). The reference for the multi-dimensional scaling analysis (Anderson 2001) has been cited, while bisection analysis has been deleted in the revised manuscript.

Reviewer \#2: Specific Comments:

Statistical analysis

The manuscript now seeks to directly tackle analysis of differences in response variables across the time periods when the Otomi NPP was operating and when it was not. That is, 2-factor ANOVA\'s were dropped, and mixed model analyses adopted instead. However, I believe further improvement to these analyses may be needed, if I correctly interpret what was done.

A thing to note is that the design for the main treatment effect -Otomi NPP operation- is unreplicated over the study. This is necessarily the case of course, given how the data could be collected, but it has implications to the analysis, because trend in response variables over years might be confounded with Otomi NPP operating period effects. The major implication is that the Otomi \"on\"/\"off\" effect can\'t be directly tested via a single statistical model. A way of get around this limitation is to use confidence intervals to depict differences between operating periods, and to show how sites differ when - Otomi NPP - is operating, and when it isn\'t. (Example figure to illustrate this is provided for temperature data; in attachment). \[A useful reference to using 95% confidence intervals instead of p-values is Cumming G. (2012). Understanding The New Statistics. Effect Sizes, Confidence Intervals, and Meta Analysis. Routledge, Taylor & Francis Group.\]

Response: I thank the reviewer for introducing Cumming (2012). I purchased the book and found it to be fascinating. I was surprised to see that none of statistical textbooks published in Japan, at least those I have checked, is referring this work. The concept described in the book seems sensible and quite revolutionary, yet I still hesitate to totally abandon the "null hypothesis significant testing" attitudes. I however have understood the usefulness of providing confidence intervals. Standard errors have been thus replaced by 95% confidence intervals in the revised manuscript. This way complications of p-value descriptions have been avoided in the revised manuscript. This method has been described in detail in the revised manuscript (L140-154).

The mixed model used to analyse the study\'s data across the (Otomi NPP) operating periods, is given line 194. This is more R-code than a direct model description, and the actual variables used are not clear, eg. what is \"Survey\". \"Survey\" is mentioned previously on line 143, but is then not clearly enough defined for a description of the statistical model. I suggest a clearer description of the model, perhaps:-

response \~ Site (fixed Effect) + Year/survey (random Effects)

Separate analyses for NPP \"on\", and \"off\". \"Survey\" is the replicate data nested below Years; both as random effects in the model.

I think it is reasonable to separately analyse the data for when Otomi NPP is \"on\", and when it is \"off\", given this treatment is unreplicated. This has the advantage of simpler statistical models and analyses, and avoids any interaction complications when extracting parameter estimates from analyses. Any \"Interaction\" effects are then simply embedded in estimated means and confidence intervals, and can be evaluated visually while comparing sites for each response variable.

Tests of difference between fixed effect levels in mixed models are produced by the lme4 software, but the F tests reported are controversial among mixed-model authorities, Chi-square tests being better regarded, and these in turn are less well regarded than direct comparison of estimated confidence intervals (example for temperature data shown below). Data+models will differ in degree of these problems, but it might be best to adopt the best accepted presentation method. The author\'s reference, Bates et al (2015) covers these issues.

The \"mixed model\" analyses used for data analysis were described in the manuscript as GLMM\'s, I believe they might actually be LMM\'s. GLMM\'s use non-normal error terms and non linear \"link\" functions between data and model, and are even more problematic to interpret than LMM\'s. LMM\'s can accomodate transformations of the response variable (ie. sqrt, log, etc), without the analyses becoming GLMM\'s. I believe the \"G\" letter should be dropped from GLMM throughout this manuscript.

Response: I checked references carefully and understood that linear mixed model rather than GLMM is more suitable for the present data set. Also the data analyses have been conducted separately in the NPP on and off periods in the revised manuscript as was suggested by the reviewer 2.

Bisection analyses

Perhaps partly in response to a previously suggested uncertainty about whether the Otomi NPP was operating at its previous level when the 2012 surveys were conducted, the author has included a \"Bisection\" analysis to test when the the Otomi (only?) data can be empirically broken into 2 uniform time periods. I may be misinterpreting the details around this in the manuscript. If retained, this content may need to be better introduced and wht it shows more clearly described. A reference for this analysis may also be useful. I didn\'t see any discussion of the outcome of the \"Bisection\" analyses, so my question is, how did these analyses improve the study\'s analysis and major findings?. This material may even weaken the study, if it shows changes in response variables preceeded changes to Otomi NPP being switched off. This content comes back to the question in my previous review, was the Otomi NPP being wound down well before the 2012 Otomi survey?, such that an effect could be seen in the 2012 survey at Otomi (for temperature and fish assemblages), or were the 2011/2012 effects at Otomi also partly seen at other sites, and therefore due to a more general environmental effect?. This content then should be more clearly discussed if retained in the manuscript.

If the Bisection analyses don\'t improve clarity toward resolving this issue of Otomi possibly being wound down prior to the 2012 survey, and details on the Otomi NPP power output (prior to the 2012 survey times) can\'t be accessed, should the \"Bisection\" analyses be retained in the manuscript?. If not, the data could just be analysed \"as is\" (despite the 2012 Otomi on/off uncertainty), strong effects in the study will still be demonstrated.

Response: After carefully considering comments by both reviewers I have deleted the bisection method analyses.

Presentation

Table 1.

Contains parameter details for site and \"year2\" (\~NPP operating time intervals?). Some of this parameter information is also in Figure 4, so is presented in both \"figures and table\" (usually not acceptable), and so should be in one or the other. Table 1 does additionally contain p-value information for F and t tests of significance between fixed effect levels (ie. with site and \"year2\"), but these are poorly regarded (outlined above), and presents parameter estimates in a way that can be confusing to people not familiar with this statistical model format. The F and t tests could be dropped, and Chi-square tests for simply differences between \"sites\" could be presented instead. Parameter values for each site are then in an updated Fig. 4 (suggestion below), instead of in Table 1. Tests for differences between Otomi time periods (on/off) are not needed in models, if analyses for Otomi \"on\" and Otomi \"off\" are conducted separately (and reported separately within Table 1, with site estimates presented in Fig 4 (suggestion)). This reporting for each variable in the current Table 1, could be extended to the Tropical, Sub-tropical and Temperate species subdivisions within the Abundance and Richness variables. Tests for these subdivisions currently appear obscurely as labels in Figure 4, and introduce some clutter into the figure.

Response: Table 1 has also been deleted in the revised manuscript, as it was accompanied with the bisection method model analyses and GLMMs.

Figure 2.

This Figure contains un-necessary information in the form of standard errors for each year\*site data point. With the dropping of the 2-factor ANOVA approach to analysis, this information is no longer really needed, and would instead be provided more directly in an updated Figure 4 (see below). However, this figure can still provide useful information, in depicting how the raw data varies over sites. For the case of the temperature data, adding lines to adjacent year means, gives a more clearly digestable idea of how sites can be quite consistently ranked for mean temperature over the series of years that were studied, and showing strongly the effect of the heat source being cut at Otomi around 2012 (and perhaps the same shown for \"fish abundance\", etc\...).

So perhaps confidence intervals can be dropped from Fig. 2, and lines added linking adjacent year means for each site. This altered figure is especially useful for temperature, as this is driving the biological effects in the study.

Response: I thank the reviewer again for this constructive comment. Data presentation has been changed to provide row data plot and year means drawn as lines for each site as was suggested in the revised Fig 2.

Figure 3.

discussed above, still needed?

Response: The Figure has been deleted together with the bisection method model analyses.

Figure 4.

Error bars presented in Figure 4 of the previous manuscript, were changed from standard deviations to standard errors. This is an improvement but still not optimal. I have included in an attachment, some R-code on how to calculate 95% confidence intervals for fixed effects from mixed models, by \"simulating\" mixed model fits (from lmer(model) ), and then extracting 0.025 and 0.975 percentiles. To illustrate, this was done for the temperaure data now included in Table S1, for when Otomi NPP was operating, and when it wasn\'t. The confidence intervals have been plotted in an attached Figure, generated by R (code attached). I recommend using 95% CI\'s, because significant differences can be noted directly from these plots, eliminating the need to provide information currently in Table 1. The author might need to reconsider grouping separate plots in Fig. 4 around variables (for greatest test validity), rather than sites, as is currently the case. Temperature confidence intervals could be included in Figure 4, or a separate small similarly structured Figure.

A rule of thumb applies to presentations comparing treatment means via 95% confidence intervals. Where 2 intervals just fail to overlap, the treatment levels differ at approximately p=0.01. Confidence intervals will differ at p\~0.05 if the overlap is about a third of one side of an an error bar (Cumming (2012) ).

Please note that Figure 4 should plot both upper and lower confidence intervals, to enable quick visual comparisons to be made between \"sites\"/\"treatments\". Bar plots can be used to plot estimated means, or points, as in the temperature example provided, but any bar shading should obviously be light enough not to obscure the lower bars.

The author plotted standard errors in his new Figure 4, because his prefered plotting software (Kaleida Graph) couldn\'t draw 95% CI\'s. If Kaleida Graph does not have an option to plot user supplied errors (where this can\'t be directly generated within the software), other plotting software to do this is available. R can be programmed to produce such plots (see attached document for code), though time consuming to implement.

Response: I sincerely thank the reviewer for providing the R code. I applied this procedure to each response variable, resulting in the new Figure 3 and revised Figure 4. Means and confidence intervals were obtained through the R codes with simulation, then graphs were drawn by Kaleida Graph with these data.
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Tropical fishes vanished after the operation of a nuclear power plant was suspended in the Sea of Japan

PLOS ONE

Dear Dr. Masuda,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

I think the author has done an excellent job taking the statistical advice provided on the previous version of this manuscript. The paper is much clearer and more concise and the presentation of the results has definitely improved. The author has introduced some grammatical errors and there are still a few bits that are unclear so I think that needs to be corrected before the manuscript can be accepted. However, these corrections (PLoS editorial comment file) will not take long.

We would appreciate receiving your revised manuscript by May 17 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Heather M. Patterson, Ph.D.

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Responses to the Editor

Line 42: Should be 'districts'

Line 50: Delete 'the' before 'extension'

Response: I have corrected the above two points according to the suggestion.

Lines 136-139: I find this text a little confusing as written. Maybe rewrite as something like:

'The center of distribution (COD), defined as the mean southern and northern latitudinal limit of distribution in the northern hemisphere, was calculated using Nakabo \[19\] for all recorded species. The COD was then compared to the mean latitude recorded in each survey and used as a criteria of spatio-temporal tropicalization.'

Does that work? That seems to be what has been done but it is not entirely clear from the text as it is written.

Response: I thank the editor for notifying this ambiguity. I have made revisions on these sentences as follows (L136-139):

The center of distribution (COD), defined as the mean southern and northern latitudinal limit of distribution in the northern hemisphere, was calculated using Nakabo \[19\] for all recorded species. The mean of COD in each survey was then used as a criteria of spatio-temporal tropicalization.

Line 14: delete 'of' before 'lme4'

Response: I corrected it according to the suggestion.

Line 145: provide the years the NPP was in operations in parentheses after 'operation'

Line 146: Time period confusing as written. Should be simplified to something like 'after 20 february 2012' or something similar

Response: I have revised this part as following (L 144-146):

The analyses were conducted separately in two periods when NPP was in operation (from 2004 to early February 2012) or suspended (February 20, 2012 and later).

Line 149: What does 'above category' mean\>

Response: I have clarified this phrase as follows (L 149-150):

above category (tropical, subtropical and temperate species)

Line 151L Write as 'by simulating linear mixed model fits (10,000 runs)

Line 152: 'significant' is misspelled

Line 153: Need a comma before 'as well'

Line 178: Write as 'Lines represent yearly means for each site (surveys = 4)' or something like that

Line 182: Shouldn't this be 'and later'?

Lines 184-185: Write as 'Error bars represent 95% confidence intervals.'

Line 204: Should be 'higher tropical fish abundance'

Line 208: Should be 'Mean temporal changes'

Lines 210-211: Write as 'Error bars represent 95% confidence intervals.'

Line 217: Delete 'either'

Line 229: Should be 'the NPP' and need a comma after 'suspension'

Line 264: write as 'and therefore the small increase'

Line 283: Should be 'effects'

Line 295: I assume this means that larval fish spawned in this area likely self-recruited so should be something like 'Locally spawned larval fish of these species may have.....'

Response: Corrections have been made according to the above suggestions.
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Dear Dr. Masuda,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Heather M. Patterson, Ph.D.

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:
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Tropical fishes vanished after the operation of a nuclear power plant was suspended in the Sea of Japan

Dear Dr. Masuda:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Heather M. Patterson

Academic Editor

PLOS ONE
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